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(3) Secondary battery. 



A secondary battery in which a carbon dep- 
osition material made by vapor phase pyrofysis 
using a hydrocarbon or its derivatives as a raw 
material is employed as an anode active ma- 
terial and a nonaqueous organic solvent in 
which a lithium salt is dissolved is employed as 
an electrolyte. The nonaqueous organic solvent 
is a mixed solvent of a high dielectric solvent 
whose donner -number is less than - 24 and an 
ethers solvent of a low viscosity whose donner 
number is less than 24. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a secondary battery and, more particularly, to a lithium secondary battery. 

2. Description of the Related Art 

It has been known that an active caitqn materal m prthe like by vapor phase pyrolysis 

10 is better than lithium as an anode in a charge and discharge characteristics of a lithium secondary battery. In 
the battery having the anode formed of the pyrolyzed carbon material, a solution in which a lithium salt such 
as LiCI0 4 is dissolved in propylene carbonate (referred to as PC hereinafter) is used as electrolyte because of 
a high di-electric constant and a wide working range of temperature. 

In the case where the carbon material is used as an anode in the lithium secondary battery using a PC 
15 solvent, decomposition of PC occurs at charging or discharging. This decomposition can be prevented by em- 
ploying a carbon deposition material which is obtained by vapor phase pyrolysis using a hydrocarbon or its der- 
ivatives at approximately 1000°C (disclosed in Japanese Patent Laying Opened No. 24555/1988 or 
311565/1989). However, it is not sufficiently prevented and a battery characteristic is not likely to be further 
improved. 

20 In addition, when the battery is used at a low temperature of 0 to -20°C, anode capacity is reduced, and 

then battery capacity is also reduced. 

In addition, as an organic solvent for dissolving a lithium salt in the lithium secondary battery, there are 

acetonitrile, propionitrile, propylene carbonate, ethylene carbonate, tetrahydrofuran, dioxane, 1 ,2-dimethoxy- 

ethane, nitromethane, N,N-dimethylformamide, dimethyl sulfoxide, sulfolane and butylolactone. In Japanese 
25 Patent Laying Opened No. 14881/1989, a mixed solvent made by mixing propylene carbonate and 1,2-dime- 

thoxyethane in the volurrie ratio of 1:1 is used. 

SUMMARY OF THE INVENTION 

30 The present invention was made to solve the above problems. The present invention provides a secondary 
battery having high capacity and superior in low temperature characteristic and cycle characteristic by selecting 
an electrolyte suitable for a carbon deposition material obtained by the vapor phase pyrolysis. 

According to a secondary battery of the present invention, a carbon deposition material made by vapor 
phase pyrolysis using a hydrocarbon or its derivatives as a rawmaterial is employed as an anode active material 

35 and a nonaqueous organic solvent in which a lithium salt is dissolved is employed as an electrolyte. As the 
electrolyte, a mixture of a solvent having a high dielectric constant whose donner number is less than 24 and 
an ether solvent having a low viscosity whose donner number is less than 24 is employed. 
. Preferably, the above. carbon deposition material comprises a skin-core structure in a carbon layer and a 
carbon material in which an average lattice width of hexagonal graphite ranges 0.3354 to Q.355nm and a peak 

40 ratio ranges 0.4 to 1.0 at a ratio of 13^0cm- 1 to i580crrr 1 in argon laser Raman spectrum. Further preferable 
carbon deposition material comprises a skin-core structure in 'layer and a mixture of the carbon material jn 
which an average lattice width of hexagonal graphite ranges 0.3354 to 0.3400nm and the carbon material in 
which an average lattice width ranges 0.343 to 0.355nm. Another preferable carbon deposition material em- 
ployed in the secondary battery anode material includes a carbon material whose surface layer has a amor- 

45 phous.a para-crystal and a turbo strutic structure , in which a lattice width of hexagonal graphite ranges 0.337 
to 0.355nm and a peak ratio ranges 0.4 to 1 .0 at a ratio of 1 seOcrrr 1 to 1 580cm-: 1 in argon laser Raman spectrum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so Fig. 1 is a graph showing the relation between a charge and discharge cycle and discharge capacity at 
25°C according [to an embodiment 1 of the present invention; 
. Fig. 2 is a table showing the relation between a charge and discharge cycle and a charge and discharge 
. efficiency at 25°C according to the embodiment .1 of the present invention; 
Fig. lis a graph showing a charge and discharge characteristic at the first time at 25°C according to the 
55. embodiment 1 of the present invention; 1 . . . . . 

Fig. 4 is a graph showing the relation between a charge and discharge cycle and discharge capacity at 
0°C according to an embodiment 2 of the i present inveritibn; . 

Fig; 5 is a graph showing the relation between charge and discharge cycle and discharge capacity at 25°C 
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according to an embodiment 3 of the present invention; 

Fig. 6 is a graph showing the relation between a charge and discharge efficiency at the first time and the. 
donner number at 25°C of respective solvents; 

Fig. 7 is a graph for comparing a cycle characteristic of a solvent having a high dielectric constant and an 
5 ethers solvent having a low viscosity; and 

Fig. 8 is a view showing an apparatus for the pyroiysis of a carbon according to the embodiment of the 
present invention. . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

As the above carbon deposition material, preferably its layer has a skin-core structure, in which an average 
lattice width of hexagonal graphite ranges 0.3354 to 0.355nm and a peak ratio ranges o;4 to 1 .0 at a ratio of 
1360cmr 1 to 1580crrr 1 in argon laser Raman spectrum. 

More preferably, the carbon deposition material is a mixture of a carbon material in which a lattice width 
15 of hexagonal graphite ranges 0.3354 to 0.3400nm and a carbon material in which a lattice width of that ranges 
0.343 to 0.355nm. In evaluating the mixing ratio, a (002) lattice of carbon graphite is measured by using CuKa 
ray. A diffraction value of the (002) lattice width is represented by a peak ratio of a diffraction value at 20 = 
25.0° to a maximum diffraction value. In this case, it is preferable that this diffraction ratio ranges 0.03 to 0.90, 
more preferably ranges 0.03 to 0.50. 
20 In addition, the carbon deposition material is preferably covered with a para-crystal in surface or has a skin- 
core structure, in which an average lattice width of hexagonal graphite ranges 0.337 to 0.355nm and a peak 
ratio ranges 0.4 to 1 .0 at a ratio of 1 360crrr 1 to 1 SSQcnH in argon laser Raman spectrum. 

In addition, the carbon crystal structure in. the turbo structic structure has the following characteristics in 
an X-ray diffraction pattern. 

25 1. A (001) diffraction is broad and its position is shifted to a low angle as compared with pure carbon graph- 

ite. Namely, an average lattice width is larger, tailing to the low angle side and showing asymmetrical profile. 

2. An (hk) diffraction is rather broad, sharply rising on the low angle side, long tailing to the high angle side 
and showing asymmetrical profile. 

3. An (hkl) diffraction is not recognized. 

30 As the solvent having a high dielectric constant, propylene carbonate, ethylene carbonate, and y-butyro- 

lactone is appropriate. As the solvent having a low coefficient of viscosity, tetrahydrofiiran (THF) or 2 methyl- 
tetrahydrofuran (2Me THF) is appropriate. 

In addition, its mixture ratio of the high dielectric solvent and the low viscosity solvent is preferably 1 :4 to 
4:1 in volume. 

35 In addition, it is preferable that at least one kind of Li salt such as LiCIQ^ LiCF 3 S0 3? LiBF 4 , LiPF 6 , LiCI+AICI 3 , 

or LiAsF 6 is dissolved in the solvent system in 0.5 to 2.0 mol/l. The concentration of Li salt such as LiCI0 4 in 

me solvent system is preferably about 1mol/l. 

:However,.the inventors of the present invention have found that even if the carbon material has a similar 

layer structure, its intercalation characteristic and suitable nonaqueous organic solvents are different, depend- 
40 ing on a sight difference on the layer structures. Especially, in a case where the vapor-phase pyroiysis carbon 

is employed as the anode active material, a nonaqueous organic solvent whose donner number is less than 

24 is preferable. 

In the secondary battery in which the carbon electrode is employed as the anode active material, Li having 
an ion radius 0.6A can be smoothly intercalated into the carbon lattice (a lattice width is 3.354A to 3.55A) at 

45 charging or can be smoothly deintercalated from the carbon lattice at discharging. However, since a solvent 
molecule is solvated in Li in an actual electrolyte, it is larger than trie ion radius 0.6 A of Li by solvent association. 
For example, the radius is 3.8A when PC is solvated and it is 3.4A or more when DME is solvated (for example, 
referring to J.EIectro-chem. Spc„ 128, 2552 (1981)). "Therefore; in the.battery using intercalation into carbon 
lattice, it is preferable to employ the solvent which is weakly to be solvated in a solute and which does not pre^ 

so vent intercalation of the solute because the solvent molecule associated with the solute easily dissociates from 
the surface of trie carbon when the solute is intercalated into the carbon lattice. In order to measure the asso- 
ciation strength, of the solution, there is a donner number proposed by Gutmanri. More specifically, the more 
the donner .number is, the more: the solution is likely to be associated (referring to Coord. Chem./ Rev., 
2,239(1967)); \- • * . • : 

55 More specifically, by using a solvent of small donner number, the association strength is .sufficiently re- . 

duced and the solute is not prevented from being intercalated to the vapor-phase pyroiysis. carbon material, 
whereby charge and discharge efficiency can be increased. In addition, in an electrolyte such as DMSO or DME 
whose donner number is great and which can be likely to be associated in a solute, the solute is intercalated 

, 3 • ' 
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into the carbon lattice while the solvent molecule is associated (more specifically, an ion molecule larger than 
the carbon lattice width is intercalated), causing the carbon structure to be destroyed. As a result, the carbon 
material strips from the electrode and then battery capacity is reduced. However, this does not occur if the sol- 
vent whose donner number is less than 24 is employed, and then the capacity is not reduced during a cycling 
5 of the charge and the discharge. 

In addition, in a case of one solvent, a high dielectric solvent is useful in general speaking. Therefore, the 
solvent as above is superior to a low viscosity solvent such as ethers. However, an ether of a low viscosity 
solvent is associated to Li* more strongly than a high dielectric solvent such as propylene carbonate, ethylene 
9 ai ^ on . ate . Y-bytyroJacto^ 

10 decomposition of the high dielectric solvent can be prevented. In addition/viscosity is reduced in the mixed 
solvent, whereby a preferable electrode characteristic can be provided even at a low temperature. 

Besides, any hydrocarbon or derivatives thereof which are conventionally used in the art can be used for 
the materials for forming the carbon deposition material of this invention. 

15 EXAMPLE 

A carbon deposition material was provided by vapor phase pyrolysis using an apparatus shown in Fig. 8. 
Argon gas was supplied from an argon supply line 1 and propane was supplied from a propane supply line 2. 
Then, a propane concentration of raw gas was set to 0.13 mole% by handling needle valves 3 and 4. Flow ve- 

20 locity of the raw gas was set to 0.64cm/min and an amount of supply of propane was set to 0.03 mol/h. In a 
reaction tube 5 was a holder 6 on which an Ni substrate was put and a heating furnace 7 was provided around 
the reaction tube 5. The holder 6 and the substrate were heated by the furnace 7 at approximately 1 000°C for 
one hour, whereby propane supplied from a Pyrex tube 8 was pyrolytically decomposed and then a pyrolysis 
carbon film was formed on the Ni substrate. According to the thus obtained carbon material, the lattice width 

25 in the C-axis was 0.336nm from a diffraction maximum peak of (002) reflection of graphite in X-ray diffraction 
using Cuka ray, a peak ratio was approximately 0.8 at a ratio of i360cnr 1 to 1580cm- 1 in argon laser Raman 
spectrum and a crystallite size Lc in the C-axis direction was approximately 136A. The pyrolytic carbon depos- 
ited on the Ni substrate was used as an anode active material as it is and then combined with the following 
appropriate electrolyte, whereby a lithium secondary battery was made. 

30 Evaluation of the electrolyte appropriate to the anode of this battery was made by using a three-electrode 
cells in which the anode was a test electrode, Li was a cathode and Li/Li + was a reference electrode and also 
by using nonaqueous organic solvent shown in the tables 1 and 2 in which LiCI0 4 was dissolved in approximate 
1 mol/l. 

Charge and discharge coulomb efficiency (Fig. 6) and a cycle characteristic of discharge capacity (Fig. 7) 
35 were found by performing a charge and discharge cycle test between 0 and 2 r 5V to Li/Li* at a constant current 
of 60mA per 1g of carbon using PC, THF, 2MeTHF, DME, DMSO, t-BL independently. 

As can be seen from Fig. 6, while the charge and discharge coulomb efficiency are considerably lowered 
in cases of.DME and DMSO whjch are the nonaqueous organic solvent whose donner number is 24 or more, 
it is improved in cases of PC, THF and 2MeTHF which are the nonaqueous organic solvent whose donner num- 
40 ber is less than 24. In addition, as can be seen from Fig. 7, the high dielectric solvent is superior to the low 
viscosity solvent such as ethers. 

EXAMPLE 1 

45 The charge and discharge cycle test was performed between 0 and 2;5V to Li/Li* at 25°C at a constant 
current of 60mA per 1g of carbon using PC-THF mixed solvent (volume ratio is 1:1). The discharge capacity 
at that time was shown by a curve J1 in Fig. 1 f the charge and discharge efficiency was shown in Fig. 2 and 
. the charge and discharge curve was shown. by a curve J1 in Fig. 3. 

In addition, for comparison, the same test was performed in the same condition using PC (shown by a curve 
so H1 in Fig. 1 ), DMSO-THF mixed solvent (volume ratio 1:1) (shown by a curve H3 in Rg, 3) and PC^DME mixed 
solvent (volume ratio 1:1 j (shown by a curve H4 in Fig. 3). 

As a result, it is found that both the efficiency and the cyde characteristic is improved by employing the 
mixed solvent. In addition, it is found that preferable efficiency and great discharge capacity characteristic can 
be obtained by using the mixed solvent containing the solvent having a high dielectric constant whose donner 
.55 number is less than 24 and the ethers solvent having a low coefficient of viscosity whose donner number is 
less than, 24, but, if either of them whose donner number is 24 of more is used, a preferable characteristic is 
not obtained. . ~. ' . 
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EXAMPLE 2 

The charge and discharge cycle test was performed at a temperature 0°C in the same condition as that of 
the example 1 using PC-2Me JHF mixed solvent (volume ratio 1:1). The discharge capacity at that time was 
5 shown by a curve J2 in Fig. 4. 

In addition, the same test was performed using PC (shown by a curve H2 in Fig. 4) for comparison. 

As a result, it is found that the capacity is increased at a low temperature by employing the mixed solvent. 

EXAMPLES 3 AND 4 . ... .... 

10 • . • ' 

The charge and discharge test was performed between 0 and 2.5V to Li/Li* at a constant current of 60mA 
per 1g of carbon using a mixed solvent of EC-THF (example 3) and EC-2MeTHF (example 4) (volume ratio 
1:1). The discharge capacity at that time is shown by curves J3 and J4 in Fig. 5. 

In addition, the result in a case of DMSO-THF and PC-DME (shown by curves H3 and H4 in Fig. 4) and 

15 the example 1 (J1) and the example 2(J2) are shown together for comparison. 

As a result, it is found that the preferable cycle characteristic can be obtained by using the mixed solvent 
containing the high dielectric solvent whose don ner number is less than 24 and the ethers solvent of a low coef- 
ficient viscosity whose donner number is less than 24, but, if either of them whose donner number is 24 or more 
is used, the cycle characteristic is lowered. 

20 Although the above carbon material, preferably its layer has a skin-core structure, in which an average lat- 
tice width of hexagonal graphite ranges 0.3354 to 0.355nm and a peak ratio ranges 0.4 to 1.0 at a ratio of 
1 360cm- 1 to 1580cnr 1 in argon laser Raman spectrum, the same effect can be expected even using the carbon 
material which is covered with a para-crystal in surface or has a skin-core structure, in which an average lattice 
width of hexagonal graphite ranges 0.337 to 0.355nm and a peak ratio ranges 0.4 to 1.0 at a ratio of 

25 1360crrr 1 to 1580cm- 1 in argon laser Raman spectrum. This carbon material is covered with a paracrystal in 
surface or has skin-core structure, in which an active material or irregularities on the carbon surface is preferably 
in contact with the electrolyte. More preferably, the average lattice width in the para-crystal or the crystal struc- 
ture of the skin ranges 0.343 to 0.355nm. Further preferably, its core is formed of carbon graphite having an 
average lattice width ranging 0.3354 to 0.3400nm. 

30 As described above, according to the present invention, there can be provided a secondary battery of high 
capacity which is superior in charge and discharge efficiency, cycle characteristic and low temperature char- 
acteristic, in which an electrolyte suitable for a vapor-phase pyrolysis carbon material can be selected. 

While only certain presently preferred embodiments have been described in detail, as will be apparent with 
those skilled in the art, certain changes and modifications can be made without departing from the scope of 

35 the invention as defined by the following claims. 
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Claims 

5 1. A secondary battery comprising as an anode active material a carbon deposition material formed by vapor 
phase pyrolysis using a hydrocarbon or its derivatives and as an electrolyte a nonaqueous organic solvent 
in which a lithium salt is dissolved, 

said nonaqueous organic solvent being a mixed solvent of a high dielectric solvent whose donner 
number is less Jhan 24 and an ether solvent of a low viscosity whose donner number is less than 24. 

10 

2. A secondary battery according to claim 1 , wherein said carbon deposition material comprises a carbon 
material in which an average (002) lattice width of hexagonal graphite at C axis ranges 0.3354 to 0.355nm 
by using CuKa ray and a peak ratio ranges 0.4 to 1.0 at a ratio of 1360cm- 1 to 1580cnrr 1 in argon laser 
Raman spectrum. 

15 

3. A secondary battery according to claim 2, wherein said carbon deposition material comprises a mixture 
of a carbon material in which an average lattice width of hexagonal graphite ranges 0.3354 to 0.3400nm. 
and a carbon material in which an average lattice width ranges 0.343 to 0.355nm. 

2o 4. A secondary battery according to claim 1, wherein said carbon deposition material comprises a carbon 
material which is covered with an amorphous structure, a para-crystal or a turbo strutic structure in surface. 

5. A secondary battery according to claim 1 , wherein said carbon deposition material is covered with the turbo 
strutic structure, in which a lattice width of hexagonal graphite ranges 0.337 to 0.355nm and a peak ratio 

^ ranges 0.4 to 1.0 at a ratio of 1360cm- 1 to 1580crrr 1 in argon laser Raman spectrum. 

6. A secondary battery according to claim 1, which is adapted to a lithium secondary battery. 
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